B cells have multiple actions on different phases of an immune reaction, mainly resulting in B and T cell-interaction (help), production of cytokines, regulation of dendritic cells and downregulation of regulatory B cells. The effectiveness of B cell depletion therapy is probably due to blockade of the antigen-presenting function of B cells, occurring very early in the setting of autoimmune reactions. B cells undergo a maturation process from stem cells during which the CD 20 antigen, which is the target of rituximab (RTX), is expressed from the stage of pre-B cells to mature and memory B cells, but not on plasma cells. During the maturation process, the cytokine B cell stimulating factor (BAFF) induces maturation of B cells and expansion of clones to produce plasma cells and eventually antibodies. The effect of RTX in GO is rather rapid, with significant improvement of the disease already 4-6 weeks after the first RTX infusion. Based on the evidence of significant lymphocytic infiltration in the orbits of patients with active GO, it is reasonable to postulate that RTX may cause depletion of B cells and block their antigen-presenting cell mechanism. Since it has been reported that serum BAFF concentrations are elevated in hyperthyroid GD patients and that BAFF is expressed on the thyrocytes of patients with either autoimmune disease or nodular goiter, the hypothesis that belimumab, an anti-BAFF monoclonal antibody, may be effective in patients with active GO his currently being tested in a randomized controlled trial.
The development of immunotherapy, based on antigenspecific monoclonal antibodies, has allowed to uncover the role of different immune effectors in the pathogenesis of autoimmune disease. Over the past decade several monoclonal antibodies have been employed in both open label and randomized clinical trials in Graves' Orbitopathy (GO) [1] . Some of these molecules have been shown to be effective or promising novel therapies for the active, moderate-severe phase of the disease. Among the available therapeutic agents, those targeting B cells or B cell actions have gained interest because of their potential efficacy in GO which sheds light on underlying novel roles of B cells in the disease pathogenesis.
B cells, besides the well-known role as antibodyproducing cells, have multiple actions on different phases in the cascade of events that regulate the progression of an immune reaction in autoimmune disease [2] . Their main action is the result of B and T-cell-interaction (help) and costimulation. But B cells also produce cytokines, mainly IL-4, IL-6, IL-10, gamma-IFN and TGF-beta and contribute to organogenesis of lymphoid organs, regulation of dendritic cells and downregulation of the production of regulatory B cells (Fig. 1) . One important hypothesized role of B cells, which may explain why B cell depletion with the anti-CD 20 monoclonal antibody (rituximab; RTX) is an effective treatment in a mainly T-cell-mediated disease like GO, is a strong antigen-presenting function occurring probably very early in the setting of autoimmune reactions. In 2011 Ueki and colleagues [3] have studied an experimental Graves' disease model (mouse) in which they have observed that B cell depletion of the mice with RTX, carried out before immunization with adenovirus expressing TSH receptor A-subunit (Ad-TSHR289), inhibits the production of autoimmunity (circulating anti-TSH receptor antibodies) and of hyperthyroidism, measured as increased circulating free thyroxine (freeT4). When RTX is applied to the mice after the first or third cycle of immunization with the TSH receptor fragment, the development of hyperthyroidism and anti-TSH receptor antibodies is not prevented. These data in experimental Graves' disease suggest that B cells are essential in the early setting of autoimmune reactions leading to the development of clinically relevant hyperthyroidism. Very recent work from Smith and colleagues [4] has shown that thyroid antigen-reactive B cells (TPO and thyroglobulin) in patients with recent onset autoimmune thyroid disease in the peripheral blood are no longer anergic, but clearly express CD86, a marker of activation. Frequency of anergic B cells inversely correlated with circulating levels of thyroid autoantibodies. Therefore, the Authors suggested that loss of B cell anergy early in the development of autoimmunity may enable B cells to present antigen and receive T cell help.
B cells undergo a maturation process within the germinal center from stem cells to mature B cells and memory B cells, from which plasma cells are derived (Fig. 2) . The CD 20 antigen, which is the target of RTX, is expressed by B cells from the stage of pre-B cells to mature and memory B cells, but not on plasma cells, especially short-lived plasma cells. During the maturation process, the cytokine B cell stimulating factor (BAFF), through interaction with the BAFF receptor or TACI, induces maturation of B cells and expansion of clones to produce plasma cells and eventually antibodies. BAFF is targeted by a monoclonal antibody (belimumab) that possesses therapeutic effect in systemic lupus [5] . Both these therapeutics have been employed in the treatment of GO.
RTX is a chimeric murine/human monoclonal antibody with a human IgG1 constant region and a murine variable region binding to the CD 20 antigen on B cells. It causes rapid depletion of B cells in periphery and in lymphoid organs, likely including the thyroid [6] and the orbit [7] [8] [9] in Graves' disease and GO, respectively. The current indications of RTX are rheumatoid arthritis and ANCA-related vasculitis [5] . The hypothesis that RTX might decrease circulating autoantibodies in autoimmune thyroid disease, as observed in rheumatoid arthritis and systemic lupus, has been challenged in a number of open label and controlled studies over the last few years. As reported by El Fassi et al. in 2007 [10] , RTX administered to hyperthyroid Graves' patients treated with antithyroid drugs induced remission in 40% of patients at one year when compared to none of the patients treated with antithyroid drugs alone and this effect was attributed to a specific decrease of the TSH receptor stimulating antibody subpopulation induced by RTX [11] . Other authors have described a decline of serum TSH receptor binding antibodies (TRAb) in patients with active GO after RTX therapy, whether the patients were on antithyroid drugs or euthyroid on L-T4 replacement therapy [12] , suggesting again a direct effect of RTX on antibodies. Others have found that the beneficial effect of RTX on GO was not correlated to the decrease of serum TRAb [13] . A more precise picture of the effect of RTX on TRAb has been provided by the study of Vannucchi et al [14] , who were not able to show a distinct decrease of circulating TSH receptor stimulating antibodies in patients with GD and GO after RTX, if compared to the decline of serum TSH receptor binding antibodies (TRAb) observed during the patients' follow-up when they reached the euthyroid state.
The efficacy of B-cell-depleting agents in GO must then depend on other functions of B cells, other than decreased production of pathogenic antibodies. This is more evident from the studies conducted in Graves' hyperthyroidism, which is caused by TSH receptor stimulating antibodies. The reasons for the efficacy of RTX in GO are more difficult to understand, as we do not have a disease specific immune marker: in the eye disease TRAb have been shown to correlate with its severity [15] but may not be pathogenic [16] . Consistently with what observed earlier on by Ho et al [17] and in our laboratory [18] , recent data have also shown a correlation between the degree of infiltration of B (and T) cells in the orbit of patients with GO and their clinical characteristics, especially the CAS and diplopia [19] . Treatment with RTX has been shown to inactivate GO in patients with moderate-severe active disease [20] . The effect of the anti-CD20 antibody is rather rapid, with significant improvement of the disease assessed by the decrease of the CAS already 4-6 weeks after the first RTX infusion. Some inconsistencies in the clinical response in terms of efficacy of RTX have been observed in two different randomized trials, one in which RTX has been shown to be better than intravenous methylprednisolone in inactivating GO and another in which RTX efficacy was not different from placebo [21] . Post-hoc analysis of the two studies has shown that the inclusion of patients with different disease duration may explain the different therapeutic response. When RTX is administered early in the disease course seems to be very effective, whereas when used later in the disease (>12-15 months) such treatment may not be successful [22] . Based on the evidence of early, significant lymphocytic infiltration in the orbits of patients with active GO [8, 19, 23] , it is reasonable to postulate that RTX, when administered early, may cause depletion of B cells and block their antigen presenting action which occurs early in the development of autoimmune reactions. Indeed, when B cells begin repopulate in the circulation, usually between 8 and 16 weeks after RTX administration depending on the dose administered, inflammation of GO does not relapse and the CAS continues to decline until definite inactivation of disease (Fig. 3) . In clinical trials, GO patients who have responded successfully to RTX, have shown disease relapse in less than 7% of patients, when compared to 50% of patients treated with i.v. methylprednisolone, despite the persistence of elevated titers of TRAb and of hyperthyroidism [22] . GO is typically characterized by a single dyphasic disease course [24] , an active, inflammatory progressive phase followed by orbital fibrosis and scarring. We believe that RTX acts by rapidly switching off inflammation when used early in the disease, which subsequently burns out. This is not observed in patients with systemic autoimmunity such as remitting/relapsing rheumatoid arthritis, in whom multiple subsequent infusions of RTX are often required [25] . While in moderate-severe GO total peripheral T cells have not been shown to change after RTX [20] , certain T cells phenotypes, specifically the IGF-1R + T cell phenotype, which has been shown to be overexpressed in active severe GO, is directly targeted and transiently normalized after RTX [26] . These findings suggest a potentially interesting association between changes in T cell phenotypes and the clinical responses to RTX and identify a possible role for B cells in supporting the IGF-1R + phenotype of T cells in the disease. In addition, although studies are limited to the samples of few GO patients undergoing orbital decompression surgery for either acute optic neuropathy [8] or severe proptosis [19, 23] , neither B nor T cells have been detected in the orbital tissues after RTX, independently of the duration or the activity of the disease. These findings seem to support the hypothesis that early depletion of B cells would not support the B-T cell interaction that allows the development of the autoimmune pathogenic process. Indeed, immunohistochemistry of orbital tissue of patients with GO even after a very low dose RTX (100 mg) has shown depletion of both CD20 and CD3 cells, when compared to patients treated with intravenous methylprednisolone, in whom therapy did not modify the pattern of infiltration. In the orbital tissue of GO patients after acute cytokine release induced by RTX, an important degree of infiltration of CD68 + CD163 + CD1a-macrophages has been described. These cells were probably recruited as a result of the overproduction of complement anaphylatoxins and other cytokines subsequent to the acute B cell lysis induced by RTX [23] . CD163 is a marker of type 2 macrophages which, in contrast to type 1 proinflammatory macrophages generally involved in antigen presentation, are actively initiating phagocytosis. We therefore hypothesize that B cell depletion with RTX in GO may activate at the orbital level a sequence of reactions following B cell lysis characterized by recruitment of phagocytes and depletion of all inflammatory cells from the orbit. After several weeks (4 to 16), with the return of B cells in the periphery (and the orbit), the ongoing development of intraorbital conditions of fibrosis may prevent the reactivation of GO, despite the reconstitution of the previous autoimmune conditions. The process of maturation from transitional B cells to mature B cells (Fig. 2) is stimulated by the increased production of B-lymphocyte activating factor (BAFF, also called BLyS) and subsequent formation of plasma cells [27] . BAFF is a cytokine that belongs to the tumor necrosis factor (TNF) family and is expressed on neutrophils, monocytes, dendritic cells, lymphoid stromal cells and malignant B cells. BAFF binds to three receptors called BAFF receptor (BR3), expressed on B cell, transmembrane activator and CAML interactor (TACI), expressed on mature B cell, plasma cells, and a subset of activated T cells and B cell maturation antigen called BCMA, expressed only on B cells [28] . Serum BAFF concentrations have been found to be elevated in systemic autoimmune diseases including systemic lupus erythematosus and rheumatoid arthritis [29] . A possible role of BAFF in autoimmune hyperthyroidism has been suggested by the observation that blockade of BAFF by a BAFF-specific receptor-Fc in a murine model of Graves' disease reduced the resulting hyperthyroidism [30] . Fabris and colleagues have detected slightly elevated serum BAFF concentrations in patients with thyroid autoimmune disease, more markedly in patients with GD compared to Hashimoto's thyroiditis (HT) [31] . Elevated serum BAFF concentrations have been reported in hyperthyroid GD patients but not in patients with GO, even during the active phase of the disease [32] . Of interest, Campi et al. [33] have recently shown that BAFF and BAFF-R are expressed on the thyrocytes derived from patients with either autoimmune disease or nodular goiter, in addition to the expected expression of BAFF and its receptor on the infiltrating immune cells of GD and HT.
Belimumab, a fully humanized IgG1 monoclonal antibody directed against BAFF, is a biological treatment approved for patients with systemic lupus, in whom it has been shown to have beneficial effects by randomized trials involving autoantibody-positive patients with persistent disease activity, after standard immunosuppressive treatment. Belimumab inhibits B cells stimulation by blocking BAFF, thus reducing disease activity [5] . A potential beneficial role of belimumab in human GD and GO is based on the B-cell driven pathogenesis of Graves' hyperthyroidism. Such hypothesis is currently challenged in a randomized controlled trial conducted in our laboratory, in which patients with GD with detectable serum TRAb and associated active moderate-severe GO are treated with intravenous belimumab or methylprednisolone, currently considered first line treatment. An interim analysis of the trial results of this study will become available in 2019.
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